
Europaisches  Patentamt 

European  Patent  Office  ®  Publication  number:  0 1 5 7   4 9 9  
A 1  Off  ice  europeen  des  brevets  ^   ' 

©  EUROPEAN  PATENT  APPLICATION 

©  Application  number:  85301397.7  ©  Int.  CI.4:  D  01  F  9/22,  D  01  F  9 / 1 4  

@  Date  of  filing:  28.02.85 

@  Priority:  29.02.84  JP  39540/84  @  Applicant:  Takemoto  Yushi  Kabushiki  Kaisha,  2-5, 
Minato-machi,  Gamagouri-shi  Aichi-ken  (JP) 

@  Inventor:  Fujii,  Tsukasa,  30  Ichiba  Kamigo-machi, 
@  Date  of  publication  of  application:  09.10.85  Toyota-shi  Aichi-ken  (JP) 

Bulletin  85/41  Inventor:  Isobe,  Jun,  1-113  aza  Kitaura  Futagawa-machi, 
Toyohashi-shi  Aichi-ken  (JP) 

@  Representative  :  Ablewhite,  Alan  James  et  al,  MARKS  & 
CLERK  57/60  Lincoln's  Inn  Fields,  London  WC2A  3LS 

@  Designated  Contracting  States:  FR  GB  (GB) 

Lubricating  agents  for  use  in  the  production  of  carbon  yarns. 

@  Lubricating  agents  for  use  in  the  production  of  carbon 
yarns  comprise  at  least  one  amino  polysiloxane  of  formula  (I) 
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(where  X  represents  an  alkylene  group  with  3  to  5  carbon 
atoms,  Y  represents  an  alkylene  group  with  2  to  6  carbon 
atoms  or  a  phenylene  group,  Ri  and  R3  each  represent  a  hydro- 
gen  atom,  an  alkyl  group  with  1  to  5  carbon  atoms  or  a  phtny1 
group,  R2  end  R4  each  represent  a  methyl  group  or  an  ethyl 
group,  R5,  R6  and  R7  each  represent  a  hydrogen  atom,  a 
methyl  group  or  an  ethyl  group,  m  is  1  ,  n  is  an  integer  equal  to 
or  greater  than  1  and  p  is  0  or  an  integer  in  the  range  of  1  to  5), 
as  affective  component,  the  nitrogen  content  of  said  effetive 
component  being  1  weight  %  or  less.  Such  lubricating  agents 
supply  to  the  processed  yarns  superior  filament  separability 
and  infusibility  characteristics. 
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B a c k g r o u n d   of  t h e   I n v e n t i o n  

T h i s   i n v e n t i o n   r e l a t e s   to  l u b r i c a t i n g   a g e n t s   f o r   t h e  

p r o d u c t i o n   of  c a r b o n   y a r n s   and  more  p a r t i c u l a r l y   t o  

l u b r i c a t i n g   a g e n t s   h a v i n g   s p e c i f i e d   amino   p o l y s i l o x a n e s  

as  e f f e c t i v e   c o m p o n e n t .   When  a p p l i e d   to  a c r y l i c   f i b e r s  

or  c a r b o n   f i b e r s   d e r i v e d   f r o m   p i t c h y   m a t e r i a l   to  be  u s e d  

as  a  p r e c u r s o r   f o r   t h e   i n f u s i b i l i z i n g   p r o c e s s  

( h e r e i n a f t e r   to  be  r e f e r r e d   s i m p l y   as  p r e c u r s o r ) ,   t h e s e  

a g e n t s   can   n o t   o n l y   g i v e   to  t he   p r e c u r s o r   a  s u p e r i o r  

f i l a m e n t   s e p a r a b i l i t y   and  p r o c e s s a b i l i t y ,   b u t   a l s o  

p r e v e n t   a d h e s i o n   a f t e r   t h e   i n f u s i b i l i z i n g   p r o c e s s ,   t h u s  

m a k i n g   i t   p o s s i b l e   to  p r o d u c e   c a r b o n   y a r n s   w i t h   s u p e r i o r  

p h y s i c a l   c h a r a c t e r i s t i c s .  

C a r b o n   y a r n s   a r e   g e n e r a l l y   p r o d u c e d   by  f i r s t  

o b t a i n i n g   n o n - f l a m m a b l e   y a r n s   f r o m   a  p r e c u r s o r   by  a  

p r o c e s s   ( h e r e i n a f t e r  r e f e r r e d   s i m p l y   as  t h e  

i n f u s i b i l i z i n g   p r o c e s s )   w h e r e i n   t h e   p r e c u r s o r   is   h e a t e d  

and  b u r n t   a t   2 0 0  -   300°C  in  an  o x i d i z i n g   a t m o s p h e r e ;  

and  s e c o n d   by  a  c a r b o n i z a t i o n   p r o c e s s   w h e r e i n  

c a r b o n i z a t i o n   t a k e s   p l a c e   in   an  i n e r t   a t m o s p h e r e   a t   a  

h i g h   t e m p e r a t u r e ,   e . g .   o v e r   7 0 0 ° C .   In  s u c h   a  c a s e ,   a  



l u b r i c a t i n g   a g e n t   i s   a p p l i e d   p r i o r   to  t h e   i n f u s i b i l i z i n g  

p r o c e s s ,   and  u s u a l l y   d u r i n g   t h e   p r o c e s s   in  w h i c h   t h e  

p r e c u r s o r   i t s e l f   is   p r o d u c e d .   In  a d d i t i o n   to  t h e  

g e n e r a l l y   d e s i r e d   c h a r a c t e r i s t i c s   s u c h   as  l u b r i c i t y ,  

a n t i s t a t i c   c a p a b i l i t y   and  c o h e s i o n ,   h o w e v e r ,   i t   i s  

i m p o r t a n t ,   in  v i e w   of  t h e   a f o r e m e n t i o n e d   p r o c e s s e s   f o r  

t h e   p r o d u c t i o n   of  c a r b o n   y a r n s ,   t h a t   t h e   l u b r i c a t i n g  

a g e n t   to  be  u s e d   f o r   t h i s   p u r p o s e   be  s u p e r i o r   t o  

p r o v i d i n g   a  good  f i l a m e n t   s e p a r a b i l i t y   and  i n f u s i b i l i t y .  

In  t h e   p a s t ,   v a r i o u s   s u b s t a n c e s ,   i n c l u d i n g  

p h o s p h a t e s   of  a l k a l i   m e t a l s ,   v a r i o u s   c a t i o n i c  

a c t i v a t o r s ,   p o l y o x y a l k y l e n e   e t h e r ,   e t c . ,   have   b e e n   u s e d  

as  l u b r i c a t i n g   a g e n t s   of  t h i s   t y p e .   A l t h o u g h   t h e y   a r e  

g e n e r a l l y   a c c e p t a b l e   r e g a r d i n g   a n t i s t a t i c   c a p a b i l i t y ,  

c o h e s i o n   and  l u b r i c i t y ,   t h e y   a r e   i n f e r i o r   r e g a r d i n g  

t h e i r   f i l a m e n t   s e p a r a b i l i t y   b e c a u s e   of  t h e i r   b a s i c  

t e n d e n c y   to  become  d e c o m p o s e d .   In  a d d i t i o n ,   t h e y   h a v e  

t h e   d i s a d v a n t a g e   of  g e n e r a t i n g   t a r   d u r i n g   t h e  

i n f u s i b i l i z i n g   p r o c e s s   or  of  v a p o r i z i n g   m o s t l y   d u r i n g  

t h e   i n i t i a l   h e a t i n g   p e r i o d   and  c a u s i n g   a d h e s i o n   b e t w e e n  

t h e   f i b e r s .  

In  o r d e r   to  o v e r c o m e   t h i s   d i f f i c u l t y ,   m a n y  

s i l i c o n e - t y p e   l u b r i c a t i n g   a g e n t s   have   b e e n   c o n s i d e r e d  

s u c h   as  d i m e t h y l   p o l y s i l o x a n e s ,   p h e n y l m e t h y l  

p o l y s i l o x a n e s ,   e p o x y   p o l y s i l o x a n e s ,   p o l y e t h e r  



p o l y s i l o x a n e s ,   amino   p o l y s i l o x a n e s ,   e t c .   ( J a p a n e s e  

P a t e n t s   Tokko  5 1 - 1 2 7 3 9 ,   Tokko  5 2 - 2 4 1 3 6 ,   T o k k a i  

5 2 - 1 4 8 2 2 7 ,   e t c . ) .   T h e s e   s i l i c o n e - t y p e   l u b r i c a t i n g  

a g e n t s ,   h o w e v e r ,   have   v a r i o u s   d i s a d v a n t a g e s .   D i m e t h y l  

p o l y s i l o x a n e s   and  p h e n y l m e t h y l p o l y s i l o x a n e s   a r e  

t h e r m a l l y   s u p e r i o r   bu t   p r o v i d e   p o o r   f i l a m e n t  

s e p a r a b i l i t y   in  t h e   p r e c u r s o r   and  a r e   p o o r   in   p r e v e n t i o n  

of  a d h e s i o n   in  t h e   i n f u s i b i l i z i n g   p r o c e s s .   T h i s   may  b e  

b e c a u s e   t h e y   do  no t   c o n t a i n   p o l a r   g r o u p s   in   t h e i r  

m o l e c u l e s   and  h e n c e   t h e i r   o r i e n t a t i o n   ( h e r e i n a f t e r   u s e d  

to  mean  t h e   c h a r a c t e r i s t i c   of  u n i f o r m   a d h e s i o n )  

r e g a r d i n g   t h e   p r e c u r s o r   i s   i n s u f f i c i e n t .   M o r e o v e r ,  

s i n c e   t h e y   a r e   n o n - p o l a r ,   p r o b l e m s   of  f u z z   and  y a r n  

b r e a k a g e   c a u s e d   by  s t a t i c   e l e c t r i c i t y   can   o c c u r   e a s i l y .  

E p o x y p o l y s i l o x a n e s   t e n d   to  c a u s e   f i b e r - t o - f i b e r  

f i x i n g   d u e ,   f o r   e x a m p l e ,   to  t h e   r i n g - o p e n i n g  

p o l y m e r i z a t i o n   of  e p o x y   g r o u p s   w i t h i n   t h e i r   m o l e c u l e s  

and  s i n c e   t h e y   t h e m s e l v e s   g e n e r a t e   t a r ,   t h e y   a r e   t o t a l l y  

i n c a p a b l e   of  p r e v e n t i n g   m u t u a l   a d h e s i o n   d u r i n g   t h e  

i n f u s i b i l i t y   p r o c e s s .   T h e i r   p r e s e n c e ,   t h e r e f o r e ,   m a k e s  

t h e   p r o b l e m   w o r s e   i n s t e a d   of  s o l v i n g   i t .   As  f o r  

p o l y e t h e r   p o l y s i l o x a n e s ,   t h e   e t h e r   b o n d s   w i t h i n   t h e i r  

m o l e c u l e s   a r e   t h e r m a l l y   weak  so  t h a t   t h e y   m o s t l y   b e c o m e  

d e c o m p o s e d   and  d i f f u s e   away ,   f a i l i n g   to  e x e r c i s e   t h e i r  

c a p a b i l i t y   of  p r e v e n t i n g   a d h e s i o n .   M o r e o v e r ,   t h e i r   h e a t  

of  t h e r m a l   d e c o m p o s i t i o n   b e c o m e s   a  c a u s e   of  a b n o r m a l  

r e a c t i o n s   i n v o l v i n g   t h e   y a r n s .  



Amino  p o l y s i l o x a n e s   of  t h e   t y p e   p r o p o s e d   i n t h e   p a s t ,  

a l t h o u g h   t h e y   have   more  f a v o r a b l e   c h a r a c t e r i s t i c s   t h a n  

t h e   o t h e r   c o n v e n t i o n a l   s i l i c o n e   t y p e   l u b r i c a t i n g   a g e n t s  

d i s c u s s e d   a b o v e   have   o n l y   one  n i t r o g e n   a tom  p e r  

a m i n o - m o d i f i e d   g r o u p   w i t h i n   t h e i r   m o l e c u l e s   and  t h i s  

means   t h a t   o n l y   weak  p o l a r   g r o u p s   a r e   l o o s e l y  

d i s t r i b u t e d   a r o u n d .   A c c o r d i n g l y   t h e i r   o r i e n t a t i o n  

c a p a b i l i t y   w i t h   r e s p e c t   to  t h e   p r e c u r s o r   i s   i n f e r i o r   a n d  

t h e   f i l a m e n t   s e p a r a b i l i t y   and  d e g r e e   of  a d h e s i o n  

p r e v e n t i o n   t h e y   p r o v i d e   a r e   n o t   s u f f i c i e n t   to  b e  

s a t i s f a c t o r y .  

I t   i s   t h e r e f o r e   an  o b j e c t   of  t h i s   i n v e n t i o n   t o  

e l i m i n a t e   t h e   a f o r e m e n t i o n e d   d i s a d v a n t a g e   by  p r o v i d i n g  

l u b r i c a t i n g   a g e n t s   w h i c h   a r e   s u p e r i o r   in  p r o c e s s a b i l i t y  

and  o p e n i n g   p r o p e r t y   of  e a c h   f i l a m e n t   in  t h e   s u b s e q u e n t  

p r o c e s s e s ,   i n c l u d i n g   t h e   p r o d u c t i o n   of  p r e c u r s o r s   a n d  

t h e   i n f u s i b i l i z i n g   p r o c e s s ,   w i t h o u t   c a u s i n g   p r o b l e m s  

s u c h   as  a d h e s i o n ,   and  t h u s   make  i t   p o s s i b l e   to  p r o d u c e  

h i g h   q u a l i t y   c a r b o n   y a r n s .  

The  a b o v e   and  t h e   o t h e r   o b j e c t s   of  t h e   p r e s e n t  

i n v e n t i o n   have   b e e n   a c h i e v e d   by  t h e   p r e s e n t   i n v e n t o r s  

w i t h   t h e   d i s c o v e r y   t h a t   good  l u b r i c a t i n g   a g e n t s   f o r   t h i s  

p u r p o s e   have   as  an  e f f e c t i v e   c o m p o n e n t   a m i n o  

p o l y s i l o x a n e s   w i t h   s p e c i f i c   a m i n o - m o d i f i e d   g r o u p s   of  a  

c e r t a i n   n i t r o g e n   c o n t e n t .  



D e t a i l e d   D e s c r i p t i o n   of  t he   I n v e n t i o n  

A c c o r d i n g   to  t h i s   i n v e n t i o n   t h e r e   i s   p r o v i d e d   a  

l u b r i c a t i n g   a g e n t   f o r   t h e   p r o d u c t i o n   of  c a r b o n   y a r n s  

c h a r a c t e r i s e d   by  c o m p r i s i n g   a t   l e a s t   one  a m i n o  

p o l y s i l o x a n e   of  t h e   g e n e r a l   f o r m u l a   ( I )   as  an  e f f e c t i v e  

c o m p o n e n t ,   t h e   n i t r o g e n   c o n t e n t   of  s a i d   e f f e c t i v e  

c o m p o n e n t   b e i n g   1  w e i g h t   %  or  l e s s :  

w h e r e   X  r e p r e s e n t s   an  a l k y l e n e   g r o u p   w i t h   3  to  5  c a r b o n  

a t o m s ,   Y  r e p r e s e n t s   an  a l k y l e n e   g r o u p   w i t h   2  to  6  c a r b o n  

a t o m s   or  a  p h e n y l e n e   g r o u p ,   R1  and  R6  r e p r e s e n t  

m e t h y l ,   e t h y l   or  h y d r o x y l   g r o u p s ,   R2  r e p r e s e n t s   a  

h y d r o g e n   a tom,   an  a l k y l   g r o u p   w i t h   1  to  5  c a r b o n s   or  a  

p h e n y l   g r o u p ,   R3.  R4,  R5  and  R 7  e a c h   r e p r e s e n t   a  

m e t h y l   g r o u p   or  p h e n y l   g r o u p ,   R8,  R 9  a n d   R10  e a c h  

p r e s e n t   a  h y d r o g e n   a tom,   a  m e t h y l   g r o u p   or  an  e t h y l  

g r o u p ,   m  and  p  a r e   e a c h   an  i n t e g e r   e q u a l   to  or  l a r g e r  

t h a n   1,  and  n  is   an  i n t e g e r   in  t h e   r a n g e   of  1  to  5 .  

Amino  p o l y s i l o x a n e s   of  f o r m u l a   ( I )   may  be  o b t a i n e d ,  

f o r   e x a m p l e ,   by  c o n d e n s a t i o n   of  a  s i l a n e   c o n t a i n i n g   a n  

amino   g r o u p   and  a  c y c l i c   d i o r g a n o   p o l y s i l o x a n e .   In  t h i s  



s i t u a t i o n ,   b o t h   a  s i n g l e   s y s t e m   of  amino   p o l y s i l o x a n e s  

shown  by  ( I )   and  a  m i x e d   s y s t e m   of  a f o r e m e n t i o n e d   a m i n o  

p o l y s i l o x a n e   and  a  p o l y s i l o x a n e - t y p e   c o m p o u n d  

c o r r e s p o n d i n g   to  m  =  0  in  ( I )   can   be  o b t a i n e d ,   d e p e n d i n g  

on  t h e   m o l a r   r a t i o   b e t w e e n   s i l a n e   c o n t a i n i n g   t h e   a m i n o  

g r o u p   and  t h e   c y c l i c   d i o r g a n o   p o l y s i l o x a n e .   B o t h   t h e s e  

s y s t e m s   c o n t a i n   amino   p o l y s i l o x a n e s   shown  by  ( I )   a s  

e f f e c t i v e   c o m p o n e n t   and  h e n c e   a r e   l u b r i c a t i n g   a g e n t s  

a c c o r d i n g   to  t h e   p r e s e n t   i n v e n t i o n   bu t   i t   i s   a  

r e q u i r e m e n t   t h a t   t h e   n i t r o g e n   c o n t e n t   of  s a i d   e f f e c t i v e  

c o m p o n e n t   be  1  w e i g h t   %  or  l e s s .   If   t h e   n i t r o g e n  

c o n t e n t   of  t h e   e f f e c t i v e   c o m p o n e n t   e x c e e d s   1  w e i g h t   %, 

t h e   o r i e n t a t i o n   c h a r a c t e r i s t i c   r e g a r d i n g   t h e   p r e c u r s o r  

b e c o m e s   i m p r o v e d   bu t   t h e   h e a t   r e s i s t a n c e   b e c o m e s   w o r s e  

and  t a r   comes  to  be  g e n e r a t e d   d u r i n g   t h e   i n f u s i b i l i z i n g  

p r o c e s s   so  t h e   a b i l i t y   to  p r e v e n t   a d h e s i o n   i s  

s i g n i f i c a n t l y   a f f e c t e d .   The  v i s c o s i t y   of  t h e   e f f e c t i v e  

c o m p o n e n t   a t   25°C  s h o u l d   p r e f e r a b l y   be  100  to  1 0 , 0 0 0   c s t  

( c e n t i s t o k e s )   and  i t s   n i t r o g e n   c o n t e n t   s h o u l d   p r e f e r a b l y  

be  0 . 5   w e i g h t   %  or  l e s s .   T h i s   is   c h i e f l y   i n  

a n t i c i p a t i o n   of  s i t u a t i o n s   w h e r e   d i f f u s i o n   may  l o w e r   t h e  

c a p a b i l i t y   of  p r e v e n t i n g   a d h e s i o n   and  an  i n c r e a s e   i n  

v i s c o s i t y   may  a d v e r s e l y   a f f e c t   l u b r i c i t y .   In  t h e s e  

c a s e s ,   h o w e v e r ,   good  r e s u l t s   can   g e n e r a l l y   be  o b t a i n e d  

i f   a  m i x e d   s y s t e m   of  t h e   a f o r e m e n t i o n e d   t y p e   i s   u s e d .  

The  l u b r i c a t i n g   a g e n t s   of  t h e   p r e s e n t   i n v e n t i o n   m a y  



be  u s e d   t o g e t h e r   w i t h   any  known  l u b r i c a n t ,   s o f t e n i n g  

a g e n t ,   a n t i s t a t i c   a g e n t ,   s u r f a c e   a c t i v e   a g e n t ,  

a n t i o x i d a n t ,   a n t i s e p t i c   or  c o n v e n t i o n a l   l u b r i c a t i n g  

a g e n t   f o r   t h e   p r o d u c t i o n   of  c a r b o n   y a r n s ,   as  l o n g   as  t h e  

d e s i r e d   e f f e c t s   of  t h e   p r e s e n t   i n v e n t i o n   a r e   n o t  

a d v e r s e l y   a f f e c t e d .   T h e r e   i s   no  l i m i t a t i o n   on  t h e  

a m o u n t   of  t h e   a f o r e m e n t i o n e d   e f f e c t i v e   c o m p o n e n t   to  b e  

c o n t a i n e d ,   bu t   i t   s h o u l d   p r e f e r a b l y   be  40  w e i g h t   %  o r  

g r e a t e r   in  v i e w   of  t he   r e q u i r e d   f i l a m e n t   s e p a r a b i l i t y   o f  

t he   p r e c u r s o r   and  t h e   r e q u i r e d   a d h e s i o n - p r e v e n t i n g  

p r o p e r t y   d u r i n g   t h e   i n f u s i b i l i z i n g   p r o c e s s .  

The  l u b r i c a t i n g   a g e n t s   of  t h e   p r e s e n t   i n v e n t i o n   a r e  

a p p l i e d   d u r i n g   t h e   p r e c u r s o r   p r o d u c t i o n   p r o c e s s   o r  

b e f o r e   t he   i n f u s i b i l i z i n g   p r o c e s s .   As  f o r   t h e   mode  o f  

a p p l i c a t i o n ,   t h e y   may  be  a p p l i e d   e i t h e r   as  an  e m u l s i o n ,  

as  a  s o l u t i o n   w i t h   an  o r g a n i c   s o l v e n t   or  s t r a i g h t .   T h e  

may  be  a p p l i e d   by  a  k i s s - r o l l   m e t h o d ,   a  s p r a y   m e t h o d   o r  

a  g u i d e - o i l i n g   m e t h o d .   The  a m o u n t   to  be  d e p o s i t e d   i n  

t h e s e   c a s e s   is  p r e f e r a b l y   0 . 0 1   to  5  w e i g h t   %  w i t h  

r e s p e c t   to  t he   p r e c u r s o r   in  o r d e r   to  o b t a i n   t h e   r e q u i r e d  

e f f e c t s   f u l l y   bu t   e c o n o m i c a l l y .  

As  e x p l a i n e d   a b o v e ,   t he   l u b r i c a t i n g   a g e n t s   of  t h e  

p r e s e n t   i n v e n t i o n   c o n t a i n i n g   amino   p o l y s i l o x a n e s   s h o w n  

by  ( I )   as  t h e   e f f e c t i v e   c o m p o n e n t   have   a  s u p e r i o r  

p r o c e s s a b i l i t y   in   t h e   p r e c u r s o r   p r o d u c t i o n   p r o c e s s   a n d  



t h e   i n f u s i b i l i z i n g   p r o c e s s   and  in  p a r t i c u l a r   p r o v i d e  

s u p e r i o r   f i l a m e n t   s e p a r a b i l i t y   in  t h e   p r e c u r s o r   and  a  

s u p e r i o r   c a p a b i l i t y   of  p r e v e n t i n g   a d h e s i o n   in  t h e  

i n f u s i b i l i z i n g   p r o c e s s   so  t h a t   t h e y   can   show  b e t t e r  

r e s u l t s   t h a n   t h e   p r e v i o u s l y   p r o p o s e d   t y p e s   of  a m i n o  

p o l y s i l o x a n e s .   I t   i s   no t   c l e a r   why  t h i s   r e s u l t   i s  

o b t a i n e d ,   b u t   amino   p o l y s i l o x a n e s   of  t h e   p r e s e n t  

i n v e n t i o n   have   two  or  more  n i t r o g e n   a t o m s   p e r  

a m i n o - m o d i f i e d   g r o u p   w i t h i n   t h e i r   m o l e c u l e s   w h i l e   t h e r e  

is   o n l y   one  n i t r o g e n   a tom  pe r   a m i n o - m o d i f i e d   g r o u p   o f  

t h e   m o l e c u l e s   of  amino   p o l y s i l o x a n e s   of  t h e   c o n v e n t i o n a l  

t y p e .   I t   may  be  c o n c l u d e d   b e c a u s e   of  t h i s   d i f f e r e n c e  

t h a t   t h e r e   a r e   s t r o n g   p o l a r   g r o u p s   c o n c e n t r a t e d   in  t h e  

c a s e   of  amino   p o l y s i l o x a n e s   of  t he   p r e s e n t   i n v e n t i o n  

w h i l e   a m i n o s i l o x a n e s   of  t h e   c o n v e n t i o n a l   t y p e   h a v e  

l o o s e l y   d i s t r i b u t e d   weak  p o l a r   g r o u p s .   In  o t h e r   w o r d s ,  

a m i n o s i l o x a n e s   of  t h e   p r e s e n t   i n v e n t i o n   a r e   m o r e  

s t r o n g l y   o r i e n t e d   w i t h   r e s p e c t   to  t h e   p r e c u r s o r   and  i t  

s eems   t h a t   t h e   e x t e n t   of  t h i s   o r i e n t a t i o n   p r o p e r t y  

b e c o m e s   p a r t i c u l a r l y   i m p o r t a n t   when  t h e   n i t r o g e n   c o n t e n t  

i s   r e d u c e d   in   v i e w   of  t h e   r e q u i r e d   h e a t   r e s i s t a n c e  

c h a r a c t e r i s t i c s .  

The  f o l l o w i n g   t e s t   e x a m p l e s   a r e   d e s c r i b e d   by  way  o f  

i l l u s t r a t i o n   of  t h e   p r e s e n t   i n v e n t i o n   and  i t s   e f f e c t s  

and  do  no t   c o m p r i s e   a  l i m i t i n g   d e f i n i t i o n   of  t h e   p r e s e n t  

i n v e n t i o n .  



T e s t   E x a m p l e s  

W a t e r   e m u l s i o n s   of  l u b r i c a t i n g   a g e n t s   c o m p r i s i n g   85 

w e i g h t   %  of  t h e   p r o c e s s i n g   a g e n t s   shown  in  T a b l e   1  a n d  

15  w e i g h t   %  of  POE  n o n y l p h e n y l   e t h e r   were   p r e p a r e d .  

T e s t   y a r n s   we re   p r e p a r e d   by  a p p l y i n g   t h e s e   w a t e r  

e m u l s i o n s   to  a c r y l i c   f i l a m e n t   y a r n s   (75  d e n i e r / 4 0  

f i l a m e n t s )   so  t h a t   0 .5   ±  0 . 1   w e i g h t   %  w i l l   be  d e p o s i t e d  

on  e a c h   by  t h e   k i s s   r o l l   m e t h o d ,   and  t h e   c o e f f i c i e n t s   o f  

f r i c t i o n   and  g e n e r a t i o n   of  s t a t i c   e l e c t r i c i t y   w e r e  

m e a s u r e d   and  e v a l u a t e d   by  t h e   m e t h o d   to  be  d e s c r i b e d .  

In  a d d i t i o n ,   t h e   a f o r e m e n t i o n e d   w a t e r   e m u l s i o n s   w e r e  

a p p l i e d   to  a c r y l i c   f i l a m e n t   y a r n s   ( 1 6 0 0 0   d e n i e r / 1 2 0 0 0  

f i l a m e n t s )   a t   t h e   r a t e   of  0 .5   +  0 . 1   w e i g h t   %  b y  

i m m e r s i o n   m e t h o d .   The  y a r n s   we re   t h e n   d r i e d   f o r   4 

s e c o n d s   a t   115°C  by  means   of  a  d ry   h e a t   r o l l e r   t o  

p r e p a r e   a  p r e c u r s o r   tow  and  t h i s   was  u s e d   as  s a m p l e   t o  

e v a l u a t e   t h e   f i l a m e n t   s e p a r a b i l i t y   by  t h e   m e t h o d  

d e s c r i b e d   b e l o w .  

F u r t h e r m o r e ,   t he   p r e c u r s o r   tow  was  p r o c e s s e d   f o r   60  

m i n u t e s   i n s i d e   an  oven   of  f o r c e d   c i r c u l a t i o n   t y p e   a t  

240°C  to  o b t a i n   i n f u s i b i l i z e d   f i b e r s   and  t h e y   were   u s e d  

as  s a m p l e s   to  e v a l u a t e   t h e i r   i n f u s i b i l i t y   by  the   m e t h o d  

to  be  d e s c r i b e d   l a t e r .  



M e a s u r e m e n t   of  t h e   c o e f f i c i e n t   of  f r i c t i o n  

The  s a m p l e   was  l e f t   f o r   24  h o u r s   u n d e r   t h e   c o n d i t i o n  

of  20°C  and  65%RH  and  c a u s e d   to  run   in  c o n t a c t   w i t h   a  

c y l i n d r i c a l   c h r o m i u m - p l a t e d   p i n   u n d e r   t h e   s a m e  

c o n d i t i o n s   w i t h   i n i t i a l   t e n s i o n   20  g  and  y a r n   v e l o c i t y  

of  1 0 0 m / m i n .   C o e f f i c i e n t   of  f r i c t i o n   was  m e a s u r e d   b y  

u s i n g   a  u - m e t e r   (made  by  E i k o   S o k k i - s h a ) .   The  l o w e r  

t he   m e a s u r e d   v a l u e ,   t h e   b e t t e r   is   t h e   r e s u l t .  

E v a l u a t i o n   of  s t a t i c   e l e c t r i c i t y  

C o n c u r r e n t l y   w i t h   t h e   a f o r e m e n t i o n e d   m e a s u r e m e n t   o f  

c o e f f i c i e n t   of  f r i c t i o n ,   e l e c t r o s t a t i c   v o l t a g e   of  t h e  

y a r n   a f t e r   t h e   c o n t a c t   w i t h   t h e   c h r o m i u m - p l a t e d   p i n   w a s  

m e a s u r e d   by  means   of  a  s t a t i c   e l e c t r o m e w t e r   (made  b y  

K a s u g a   D e n k i   K a b u s h i k i   K a i s h a )   and  t h e   r e s u l t s   w e r e  

e v a l u a t e d   a c c o r d i n g   to  t h e   f o l l o w i n g   s t a n d a r d s :  

0  :   V o l t a g e   l e s s   t h a n   1 0 0 V  

1  :   V o l t a g e   100V  to  l e s s   t h a n   3 0 0 V  

X :   V o l t a g e   300V  or  g r e a t e r  

F i l a m e n t   S e p a r a b i l i t y  

The  s a m p l e   was  cu t   to  2cm  l e n g t h s   and  s h a k e n   l i g h t l y  

o v e r   a  b l a c k   s h e e t   of  p a p e r   and  i t s   o p e n i n g   p r o p e r t y   o f  



e a c h   f i l a m e n t   was  e v a l u a t e d   a c c o r d i n g   to  t he   f o l l o w i n g  

s t a n d a r d s :  

0 0  :   S e p a r a b i l i t y   v e r y   g o o d  

0  :   G o o d  

1  :   B a d  

X :   Ve ry   b a d  

I n f u s i b i l i t y  

The  s a m p l e   was  c u t   to  2cm  and  s h a k e n   l i g h t l y   o v e r   a  

w h i t e   s h e e t   of  p a p e r   and  i t s   i n f u s i b i l i t y   was  e v a l u a t e d  

a c c o r d i n g   to  t h e   f o l l o w i n g   s t a n d a r d s :  

0 0  :   No  f u s i o n  

0  :   V e r y   l i t t l e   f u s i o n  

1  :   Some  f u s i o n  

X :   F u s i o n   to  a  c o n s i d e r a b l e   d e g r e e  

The  r e s u l t s   a r e   shown  in  T a b l e   1.  One  can  c l e a r l y  

see   f rom  t h e s e   r e s u l t s   t h a t   t h e   l u b r i c a t i n g   a g e n t s   o f  

t h e   p r e s e n t   i n v e n t i o n   p r o v i d e   s u p e r i o r   f i l a m e n t  

s e p a r a b i l i t y   and  i n f u s i b i l i t y   w h i c h   a r e   n e c e s s a r y  

p r o p e r t i e s   of  any  l u b r i c a t i n g   a g e n t   f o r   t h e   p r o d u c t i o n  

of  c a r b o n   y a r n s ,   in  a d d i t i o n   to  o t h e r   s u p e r i o r  

c h a r a c t e r i s t i c s   s u c h   as  l u b r i c i t y ,   a n t i s t a t i c   c a p a b i l i t y  

e t c .  





w h e r e   c s t   is   t h e   v i s c o s i t y   a t   25°C  in  c e n t i s t o k e s ,   N  i s  

t he   n i t r o g e n   c o n t e n t   in  w e i g h t   %,  amino  p o l y s i l o x a n e   (A)  

and  (B)  a r e   as  shown  b e l o w   w h e r e i n   p  and  m  a r e   t he   s a m e  

as  in  f o r m u l a   ( I ) :  

Amino  p o l y s i l o x a n e   ( A ) :  

Amino  p o l y s i l o x a n e   ( B ) :  

a n d  

Coe  =  C o e f f i c i e n t   of  f r i c t i o n  

Vol  =  E v a l u a t i o n   of  e l e c t r o s t a t i c   v o l t a g e  

Sep  =  E v a l u a t i o n   of  f i l a m e n t   s e p a r a b i l i t y  

I n f  =   E v a l u a t i o n   of  i n f u s i b i l i t y  



1.  A  l u b r i c a t i n g   a g e n t   f o r   u se   in  t he   p r o d u c t i o n   o f  

c a r b o n   y a r n s   c o m p r i s i n g   a t   l e a s t   one  amino   p o l y s i l o x a n e  

of  f o r m u l a   ( I )  

( w h e r e   X  r e p r e s e n t   an  a l k y l e n e   g r o u p   w i t h   3  to  5  c a r b o n  

a t o m s ,   Y  r e p r e s e n t   an  a l k y l e n e   g r o u p   w i t h   2  to  6  c a r b o n  

a t o m s   or  a  p h e n y l e n e   g r o u p ,   R1  and  R3  e a c h  

r e p r e s e n t s   a  h y d r o g e n   a t o m ,   an  a l k y l   g r o u p   w i t h   1  to  5 

c a r b o n   a t o m s   or  a  p h e n y l   g r o u p ,   R2  and  R4  e a c h  

r e p r e s e n t   a  m e t h y l   g r o u p   or  an  e t h y l   g r o u p ,   R5,  R6 

and  R7  e a c h   r e p r e s e n t   a  h y d r o g e n   a tom,   a  m e t h y l   g r o u p  

or  an  e t h y l   g r o u p ,   m  is  1,  n  i s   an  i n t e g e r   e q u a l   to  o r  

g r e a t e r   t h a n   1  and  p  is   0  or  an  i n t e g e r   in  t h e   r a n g e   o f  

1  to  5,  as  e f f e c t i v e   c o m p o n e n t ,   t h e   n i t r o g e n   c o n t e n t   o f  

s a i d   e f f e c t i v e   c o m p o n e n t   b e i n g   1  w e i g h t   %  or  l e s s .  



2.  A  l u b r i c a t i n g   a g e n t   a c c o r d i n g   to  c l a i m   1,  w h e r e i n  

t he   v i s c o s i t y   a t   25°C  of  s a i d   e f f e c t i v e   c o m p o n e n t   is  1 0 0  

to  10000   c e n t i s t o k e s   and  t h e   n i t r o g e n   c o n t e n t   of  s a i d  

e f f e c t i v e   c o m p o n e n t   i s   0 .5   w e i g h t   %  or  l e s s .  

3.  A  l u b r i c a t i n g   a g e n t   a c c o r d i n g   to  c l a i m   1  or  c l a i m   2 ,  

c o n t a i n i n g   an  e f f e c t i v e   c o m p o n e n t   of  f o r m u l a   ( I )   i n  

w h i c h   R1,  R2,  R3,  R4,  R5,  R6  and  R7  a r e  

a l l   m e t h y l   g r o u p s .  

4.  A  l u b r i c a t i n g   a g e n t   a c c o r d i n g   to  c l a i m   3,  c o n t a i n i n g  

an  e f f e c t i v e   a m o u n t   of  a  c o m p o n e n t   of  f o r m u l a   (1)  i n  

w h i c h   X  r e p r e s e n t s   a  p r o p y l e n e   g r o u p ,   Y  r e p r e s e n t s   a n  

e t h y l e n e   g r o u p ,   R 8 ,  R 9  a n d   R10  e a c h   r e p r e s e n t   a  

h y d r o g e n   a tom  and  n  is   1 .  

5.  A  m e t h o d   of  l u b r i c a t i n g   y a r n s   u s e d   in  t h e  

m a n u f a c t u r e   of  c a r b o n   y a r n s ,   c o m p r i s i n g   a p p l y i n g   t h e r e t o  

a  l u b r i c a t i n g   a g e n t   a c c o r d i n g   to  any  of  c l a i m s   1  to  4 .  
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